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Summary  Measles  outbreaks  continue  to  occur  in  developing  countries.  This  study
attempted  to  explore  the  context  of  an  outbreak  of  measles  in  a  community  of  pre-
dominantly  ﬁshermen  in  Kerala  to  ﬁnd  out  whether  the  outbreak  was  the  result  of  a
failure  to  vaccinate  or  failure  of  the  vaccine  itself.  A  cross  sectional  study  was  con-
ducted  in  Mukkola  village  of  Thiruvananthapuram  district,  Kerala,  India.  A  total  of
215  children  of  ages  between  9 and  35  months  were  studied.  Documented  evidence
of  measles  vaccination  was  available  only  in  71.6%  (65.57—77.62)  of  the  children.
The  risk  factors  for  not  being  immunized  against  measles  were  being  third  or  higher
in  birth  order  and  having:  a  father  whose  occupation  is  ﬁshing,  low  family  income,
lower  parental  education,  Muslim  religion  and  poor  knowledge  regarding  measles
and  its  vaccine.  Of  the  215  children  studied,  43  had  a  history  of  measles.  Thirty
percent  of  these  43  children  were  younger  than  the  age  of  vaccination.  Unvacci-
nated  children,  children  third  or  higher  in  birth  order  and  children  of  families  with
more  than  5  members  had  a  signiﬁcantly  higher  risk  of  contracting  measles.  Vaccine
effectiveness  was  76.6%  (95%  CI:  75.96—77.99).  The  prevalence  of  missed  vaccina-
tion  opportunities  was  found  to  be  15.8%  (34/215).  Even  with  the  relatively  low
vaccine  effectiveness,  this  outbreak  could  have  been  prevented  by  higher  vaccina-
tion  coverage.  Lowering  the  age  at  administration  of  the  ﬁrst  dose  of  measles  vaccine
needs  to  be  considered.  Effective  utilization  of  opportunities  for  vaccination  could
 prevenhance  coverage  and
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Introduction
Despite  the  availability  of  a  safe  and  effective  vac-
cine for  the  last  3  decades,  measles  continues  to  be
a major  cause  of  morbidity  and  mortality  in  most  of
the developing  countries,  including  India.  Although
the WHO  Region  of  the  Americas  has  maintained
measles elimination  since  2002,  and  the  WHO  West-
ern Paciﬁc  Region  is  on  track  to  achieve  the  goal  of
elimination,  large  outbreaks  of  measles  are  jeopar-
dizing  progress  in  the  remaining  regions  that  have
this goal.  The  measles  outbreaks  pose  a serious
challenge to  regional  elimination  efforts  and  are  a
signal of  where  national  health  systems  and  routine
immunization  programs  need  strengthening  [1].
Over 95%  of  measles  deaths  occur  in  low-income
countries with  weak  health  infrastructures  [2].
Measles deaths  are  clustered  primarily  in  Africa  and
India, as  a  result  of  sub-optimal  implementation
of immunization  strategies.  Goals  have  been  set
globally to  reduce  the  incidence  of  measles  to  less
than 5  cases  per  million  [3].  Field  investigations
of recent  measles  outbreaks  found  that  most  cases
were among  unvaccinated  persons,  suggesting  that
the main  underlying  cause  was  persistent  gaps  in
measles  vaccine  coverage  despite  coverage  having
increased  overall  [4,5].  Vaccine  coverage  of  at  least
95% interrupts  endemic  transmission  of  measles  in
many countries  [6].
About  85%  of  children  develop  protective
antibody  levels  when  the  measles  vaccine  is  admin-
istered  at  nine  months  of  age,  and  90—95%  have  a
protective  antibody  response  after  vaccination  at
12 months  of  age  [7]. Failures  in  cold  chain  and
other  programs  have  reduced  vaccine  effectiveness
in rural  [8,9]  and  urban  [10,11]  areas  in  developing
countries. The  assessment  of  ﬁeld  vaccine  efﬁcacy
(vaccine  effectiveness)  explores  both  the  potential
clinical  efﬁcacy  of  the  vaccine  and  the  entire  vac-
cination  program  as  well  [6].
Measles vaccine  was  introduced  in  the  Univer-
sal Immunization  Programme  (UIP)  in  India  in  1985,
when a  single  dose  was  administered  at  9  months
of age.  This  study  attempted  to  explore  the  context
of a  measles  outbreak  in  a  community  comprised  of
predominantly  ﬁshermen  in  the  Thiruvananthapu-
ram district  of  Kerala,  India.  The  outbreak  occurred
in 2003.  Beginning  in  January  2003  and  continuing
until May  of  that  year,  there  were  553  reported
cases of  measles  (216  were  unimmunized,  255
were immunized  and  the  immunization  status  of  82
cases was  unknown)  in  the  district.  The  study  area
selected  was  one  of  the  areas  reporting  maximum
number of  cases  on  the  district.  The  objectives
were to  ﬁnd  whether  the  outbreak  was  the  result
of a  failure  to  vaccinate  or  a  failure  of  the  vaccineZ.T.  Nujum,  S.  Varghese
tself.  The  study  also  tried  to  ﬁnd  the  coverage  of
ther vaccines,  ﬁnd  factors  related  to  why  children
ere not  immunized  and  identify  the  prevalence  of
nd reasons  for  missed  vaccination  opportunities.
ethods
esign, setting and participants
 cross  sectional  study  was  conducted  in  the
ukkola (Vizhinjam)  Primary  Health  Centre  area  of
hiruvananthapuram  district,  Kerala,  India,  where
he highest  number  of  cases  were  reported  dur-
ng the  measles  outbreak.  Vizhinjam  is  a  locality
f Thiruvananthapuram  city  in  the  Indian  state
f Kerala.  This  outbreak  was  conﬁrmed  by  the
istrict health  authorities  using  appropriate  labo-
atory methods.  Vizhinjam  is  a village  consisting
f 15  midland  and  coastal  wards.  It  has  a popu-
ation of  42,402.  The  participants  were  children
—35 months  old.  The  respondents  were  the  par-
nts/guardians of  the  participants.
ampling and sample size
he  number  of  subjects  used  for  assessing  measles
mmunization  coverage  was  ﬁxed  at  210,  and  a  30
y 7  cluster  sampling  technique  that  was  advo-
ated for  use  in  Universal  Immunization  Programme
UIP) coverage  evaluation  was  used  for  selecting  the
tudy subjects  [12]. The  30  by  7 method  is  an  exam-
le of  two-stage  cluster  sampling.  In  the  ﬁrst  stage,
0 clusters  were  selected  using  the  sampling  tech-
ique of  setting  probability  proportionate  to  size,
hile in  the  second  stage,  7 households  with  eligi-
le children  were  selected.
ata collection
ata  collection  was  conducted  by  personal  inter-
iew of  a  parent/guardian  of  the  eligible  child
sing a semi-structured  questionnaire  administered
y house  to  house  surveying.  The  questionnaire
onsisted of  seven  (VII)  parts:
I —  Personal  details  like  name,  house  no.,  DOB,
sex, ward,  religion,  etc.
II —  Was  on  family  details  including  age,  educa-
tion, and  occupation  of  parents,  family  income,
details  of  siblings,  birth  order  and  total  no.  of
family members.
III and  IV  —  These  sections  consisted  of  cluster
forms to  note  the  status  and  source  of  immu-
nization, with  special  emphasis  on  measles,  and
reasons for  non-immunization,  if  any,  for  children
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3nvestigation  of  an  outbreak  of  measles  in  a  commu
unimmunized  for  measles.  Vaccination  status  was
assessed  from  history  and  documented  evidence.
V —  The  questions  in  this  section  were  on  knowl-
edge, attitude,  beliefs  and  practices  regarding
measles and  immunization.
VI  —  Dealt  with  missed  opportunities  for  immu-
nization.
VII —  This  was  ﬁlled  only  for  children  with  a
positive history  of  measles  (based  on  the  WHO
deﬁnition).
The study  was  performed  after  the  outbreak
eriod. During  the  survey,  information  was  col-
ected  on  the  vaccination  statuses  of  children.
ndividuals’ histories  of  measles  infection  were  also
licited.
eﬁnition  of  important  study  variables
mmunization  status.  Immunization  status  for
accines in  the  Universal  Immunization  Program
UIP) was  divided  into  the  following  four  categories.
Unimmunized: Those  who  did  not  take  any  dose  of
a vaccine  recommended  by  the  UIP.
Partially  immunized:  Those  who  did  not  receive  at
least one  dose  of  a  vaccine  recommended  by  the
UIP.
Fully immunized:  Those  who  received  all  the  doses
of vaccines  recommended  by  the  UIP.
Vaccinated  for  measles:  Those  who  took  a  single
dose of  single  antigen  measles  vaccine  as  per  the
UIP schedule.
issed  vaccination  opportunity.  An  opportunity
or immunization  is  missed  when  a  person  who
s eligible  for  immunization  and  who  has  no
ontraindication to  immunization  visits  a  health
ervices  provider  and  does  not  receive  all  the
eeded vaccines.  Questions  were  asked  to  moth-
rs of  unimmunized  children  about  any  visit  to  a
ealth facility  after  the  eligible  age  for  vaccination
nd whether  they  were  asked  about  immunization
tatus or  offered  vaccine.
easles  case.  A  measles  case  was  deﬁned  as
ny child  with  a  history  of  fever  (hot  to  touch),
aculopapular  rash  (non-vesicular)  and  any  one  of
he following:  coryza,  cough  or  conjunctivitis,  or
ocumented  evidence  of  measles  by  a  registered
edical practitioner  [13].
tatistical analysishe  analysis  was  performed  using  the  software  Epi
nfo (Version  3.01).  Simple  proportions  and  the  chi-
quare test  were  the  statistical  methods  used.  For
xploring  factors  inﬂuencing  coverage,  a  bivariate
r
i
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nalysis  was  performed,  and  odds  ratios  with  their
5% conﬁdence  intervals  were  calculated.
Vaccine  effectiveness  was  calculated  using  an
utbreak  investigation  method  for  a  large  popula-
ion [14].
E  (%)  = ARU −  ARV
ARU
×  100,
here  VE  is  the  vaccine  effectiveness/ﬁeld  vaccine
fﬁcacy,  ARU  is  the  attack  rate  in  the  unvaccinated
opulation, and  ARV  is  the  attack  rate  in  the  vacci-
ated population.
thical considerations
nformed  written  consent  was  acquired  from  the
espondents.  Approval  of  the  authorities  was  also
btained.
esults
he  study  was  conducted  in  a  sample  population
f 215  children  which  was  composed  of  55.35%
96) males  and  44.7%  (119)  females.  Children  ﬁrst
n birth  order  constituted  48.4%  (104/215),  and
ere followed  in  frequency  by  those  born  second
35.3%), third  (13%)  and  fourth  (3.3%).  The  preva-
ence of  illiteracy  among  subjects’  fathers  was
.1%, while  19.5%  of  fathers  studied  until  primary
chool, 45.6%  were  educated  until  high  school  and
he remaining  fathers  had  higher  educational  quali-
cations. Among  mothers,  37.2%  were  educated  up
o high  school,  20.9%  until  college  degree  or gradu-
tion, 15.8%  until  upper  primary  school,  10.7%  until
re-degree,  8.8%  until  postgraduate,  and  2.8%  until
ower primary  school.  Among  the  remaining  moth-
rs, 3.3%  were  illiterate  and  1  was  a  professional.
ishermen formed  the  most  common  work  group
mong  parents  (34%),  while  5%  of  parents  were
nskilled  workers,  10.7%  were  semiskilled  work-
rs, 10.2%  did  clerical/shop/farm  work,  4.75%  were
nemployed,  4.2%  were  professionals  and  12.1%  did
obs not  belonging  to  any  of  the  above  categories.
ost of  the  mothers  were  unemployed.  Among  the
tudy population,  42.8%  were  children  of  Hindu
amilies, 34.4%  belonged  to  Christian  families  and
2.8% belonged  to  Muslim  families.  The  majority
58.1%) of  the  children  belonged  to  families  with
ncomes  in  the  range  of  Rupees  (Rs.)  2001—5000,
1.6% belonged  to  families  with  incomes  in  the
ange of  Rs.  5001—10,000,  5.1%  belonged  to  fam-
lies with  incomes  less  than  Rs.  2000  and  another
.1% to  families  with  incomes  above  Rs.  10,000.  In
4% of  families,  there  were  5—8  members  in  the
14  Z.T.  Nujum,  S.  Varghese
Table  1  Coverage  of  vaccines  under  UIP.
Vaccine
(N  = 215)
Documented
evidence  of
vaccination  (%)
95%  CI  Mother  reports
vaccinated  but  no
documentary  evidence
95% CI  Unvaccinated  95%  CI
BCG  and  OPV0  167  (77.7%)  72.13—83.26  47  (21.9%)  16.4—27.4  1  (0.5%)  0.44—1.44
DPT1  and  OPV1 163  (75.8%) 70.07—81.52 28  (13.0%)  8.5—17.5  24  (11.2%)  6.9—15.4
DPT2  and  OPV2 160  (74.4%) 68.56—80.23 28  (13.0%) 8.5—17.5  27  (12.6%)  8.2—17.0
DPT3  and  OPV3 157  (73.0%) 67.06—78.93 27  (12.6%) 8.2—17.0 31  (14.4%) 9.7—19.1
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family,  while  20%  had  less  than  4  members  and  the
rest had  more  than  9  members.
Vaccination coverage
Among  the  vaccines  given  in  the  UIP,  coverage  was
the lowest  for  the  measles  vaccine.  Documented
evidence of  measles  vaccination  was  available  in
only 71.6%  (65.57—77.62)  of  subjects  (Table  1).
Dropout  rates  increased  with  the  childrens’  age.
Only 51.6%  of  children  had  received  all  the  doses  of
vitamin  A  prescribed  by  the  UIP;  doses  of  vitamin  A
inadequate  for  a  child  of  that  age  were  given  in  8.8%
of cases,  while  39.5%  of  children  were  not  given
vitamin A  at  all.  Of  all  the  children  studied,  15.8%
(34/215)  did  not  take  at  least  one  of  the  recom-
mended vaccines,  and  one  child  was  unimmunized.
Vaccine coverage  prevalence  against  hepatitis  B,
HiB and  MMR  was  35.4%,  11.6%,  and  15%,  respec-
tively. Fear  of  side  effects  was  the  major  reason
for not  immunizing  children.  The  other  reasons  are
presented  in  Fig.  1. The  Primary  Health  Center
(PHC) and  Community  Health  Center  (CHC)  were
the major  sites  providing  immunization  in  the  case
of all  the  vaccines  of  the  UIP  except  for  BCG,  for
which the  major  vaccine  source  was  the  govern-
ment hospital  (Fig.  2).
c
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Figure  1  Reasons  for  n7.7—16.5  35  (16.3%)  11.4—21.2
actors determining measles immunization
tatus
he  risk  factors  for  not  being  immunized  against
easles were:  being  third  or  higher  in  birth  order,
shing as  the  fathers’  occupation,  a low  fam-
ly income,  father’s  and  mother’s  education  level
eing less  than  high  school  and  being  a  Muslim.  The
ex of  the  child  and  the  mother’s  occupation  had
o association  with  measles  immunization  status
Table  2).  Poor  knowledge  regarding  measles  and
ts vaccine  were  signiﬁcantly  associated  with  not
eing vaccinated  against  measles.
roﬁle of measles cases
f  the  215  children,  43  had  a positive  history  of
easles;  22  cases  were  during  the  outbreak  period,
8 were  before  and  3  were  after  the  outbreak.  All
ases reported  symptoms  of  fever  and  rash,  but
oryza,  conjunctivitis  and  cough  were  present  in  39
90.7%), 36  (83.7%)  and  35  (81.4%)  cases,  respec-
ively.  Only  3  children  (7%)  developed  respiratory
omplications and  were  admitted  to  hospital.  No
eaths were  reported.
A  positive  history  of  contact  with  a suspected
ase of  measles  was  reported  for  19  children
on-immunization.
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44.2%).  Twenty-eight  mothers  reported  the  pres-
nce of  measles  in  the  local  area  when  the  child
eveloped measles.  There  was  a  history  of  travel  in
ix children.  Of  the  cases,  30.2%  occurred  before  10
onths of  age,  while  41.9%  occurred  between  the
ges of  10  and  12  months,  23.3%  between  1  and  2
ears and  4.7%  of  cases  occurred  in  children  over  2
ears of  age  (Fig.  3).
actors associated with measles, including
accination status
mong  the  43  cases,  21  (48.8%)  were  unimmunized
or measles.  Documented  evidence  of  vaccination
as available  for  14  (32.6%).  The  mother  reported
hat the  child  was  immunized  but  could  provide
o records  in  8  (18.6%)  cases.  Of  the  unvaccinated
t
7
(
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Table  2  Factors  associated  with  child  not  being  vaccinate
Risk  factor  Unimmunized
(N  =  35)
Female  20  (42.2%)  
Birth  order  3  and  above  12  (34.2%)  
Fisherman  28  (80.0%)  
Income  <5000  33  (94.2%)  
Muslim  26  (74.3%)  
Less  than  high  school  education  of  father 34  (97.1%)  
Less  than  high  school  education  of  mother  21  (60.0%)  
Mother  unemployed 34  (97.1%)  
Poor  Knowledge  regarding  measles 15  (42.8%)
Poor  knowledge  regarding  measles  vaccine  19  (54.2%)  nes  in  the  UIP  schedule.
hildren,  62%  (13/21)  were  below  the  age  of
mmunization at  the  time  of  measles  infection.  Of
hese children,  only  8  more  were  later  immunized.
ith regard  to  the  22  cases  that  occurred  during
he outbreak,  10  (45.5%)  were  unimmunized  and
2 were  immunized.  Being  unimmunized  was  asso-
iated with  a signiﬁcantly  higher  risk  of  measles
chi-square value  of  15.3,  p-value  0.009).  Unvac-
inated  children  were  5.6  (2.2—14.3)  times  more
ikely to  develop  measles  (Table  3) than  vaccinated
hildren. The  source  of  vaccination  among  the
mmunized  cases  is  shown  in  Fig.  4.  The  occurrence
f measles  was  signiﬁcantly  higher  in  children  born
hird or  later  in  birth  order  (chi-square  value  of
.3, p-value  0.006);  these  children  were  2.8  times
1.3—6.4)  more  likely  to  develop  measles  than
hildren born  ﬁrst  or  second.  Similarly,  a  family
d  against  measles.
Immunized
(N =  180)
p-value  Odds  ratio  (95%  CI)
76  (57.1%)  0.1  1.8  (0.9—3.8)
23  (12.7%)  0.001  3.6  (1.6—8.1)
45  (25.0%)  <0.001  12.0  (4.9—24.3)
103  (57.2%)  <0.001  12.3  (2.8—52.9)
23  (12.8%)  <0.001  19.7  (8.2—47.3)
37  (20.5%)  <0.001  131.4  (17.4—991.7)
26  (14.4%)  <0.001  8.8  (4.0—19.6)
161  (89.9%)  0.15  4.0  (0.5—31.0)
40  (22.2%)  0.03  2.3  (1.1  —4.9)
34  (18.8%)  <0.001  3.2  (1.8—5.8)
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Figure  3  Age  of  occur
Table  3  Association  between  vaccination  status  and
measles  during  the  outbreak.
Measles  No  measles Total
Unvaccinated  10  25  35
Vaccinated  12  168  180
Total  22  193  215
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tFigure  4  Source  of  vaccination  for  measles  cases.
size  of  more  than  5  was  a  risk  factor  for  measles
(chi-square value  of  7.02,  p-value  0.008).  Children
of such  families  had  a  risk  of  developing  measles
that was  3.7  times  (1.2—11.2)  higher  than  that  for
children  of  smaller  families.
Vaccine effectiveness
For  calculation  of  vaccine  effectiveness,  only  the
cases that  occurred  during  the  outbreak  were  con-
sidered.  Out  of  the  22  cases,  12  were  vaccinated.
The attack  rate  among  the  unvaccinated  was  10/35
(28.5%).  The  attack  rate  among  the  vaccinated  was
12/180 (6%).  The  risk  of  measles  among  the  unim-
munized  was  0.23  (95%  CI:  0.22—0.24).  Vaccine
T
r
a
trence  of  measles.
ffectiveness  was  calculated  to  be  76.6%  (95%  CI:
5.96—77.99).
issed opportunities
he  prevalence  of  missed  vaccination  opportuni-
ies was  found  to  be  15.8%  (34/215).  Not  being
creened  for  vaccination  status  was  the  major  rea-
on behind  a missed  opportunity.  Of  the  children
ho visited  a  health  facility  after  nine  months  of
ge, (27/34)  79.4%  had  not  been  screened.  In  20.6%
7/34) of  instances  of  missed  vaccination  opportu-
ity, the  parent  or  guardian  had  refused  to  accept
mmunization  for  their  child.  Private  hospitals  with-
ut an  immunization  facility  missed  opportunities
or immunization  the  most  (76.5%),  followed  by
overnment  (17.6%)  and  private  hospitals  with  an
mmunization  facility.
iscussion
he  immunization  coverage  for  measles  vaccine  in
ndia has  increased  consistently  from  1%  when  it
as introduced  in  1985  to  72%  in  1995.  Since  then,
he coverage  rate  dropped  until  2006.  From  2007
nwards,  until  2011,  coverage  has  been  consistent
t 74%  [15]. The  measles  vaccination  coverages  for
he nation,  state  and  district  as  reported  by  the
istrict level  household  survey  (DLHS)  3  are  69%,
7.9% and  96.7%,  respectively  [16].  Measles  vacci-
ation coverage  obtained  in  this  study  is  lesser  than
he coverage  of  state  and  district  reported  in  DLHS.
hese ﬁgures  are  however  more  than  the  ﬁgures
eported by  NFHS  [16,17].  The  vaccination  cover-
ge targeted  by  the  2010  WHA  resolution  is  more
han 80%  for  every  district  or administrative  unit.
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wnvestigation  of  an  outbreak  of  measles  in  a  commu
Contact  with  a  measles  case,  being  unvacci-
ated against  measles  and  receiving  only  a  single
ose of  measles  vaccine  were  independent  risk
actors  for  contracting  measles  in  another  study
18].  Larger  family  size  as  a  risk  factor,  in  terms
f the  increased  exposure  to  measles,  has  also
een previously  documented  [19].  These  risk  fac-
ors point  toward  the  role  of  promotion  of  family
elfare activities  in  addition  to  the  speciﬁc  protec-
ion by  vaccination  in  reducing  vaccine  preventable
iseases like  measles.  The  development  of  any  com-
lication following  measles  has  been  reported  in
2—41% of  cases  in  different  age  groups  [20]. In  a
eport from  outbreaks  in  the  US  in  2013,  complica-
ions rates  were  high,  with  11%  of  cases  resulting
n hospitalizations  [21]. A  smaller  proportion  of
hildren  developed  complications  in  this  outbreak,
hich could  be  because  of  the  differences  in  crite-
ia for  hospital  admission.
In  this  study,  the  vaccine  effectiveness  was  found
o be  less  than  the  desired  level  of  85%.  For  a
accine that  provides  complete  protection  against
nfection,  it  is  crucial  that  vaccination  coverage
hould be  at  least  80—94%.  Certain  studies  show
hat vaccination  coverage  in  excess  of  95%  may  be
ecessary  to  achieve  herd  immunity  [22],  though
his achievement  also  depends  on  vaccine  efﬁcacy
VE) [23].  Additionally,  a  large  measles  inoculum
an cause  vaccine  failure.  Theoretical  vaccination
overage calculations  for  herd  immunity  assume  a
erson-to-person  contact  model  and  lifelong  immu-
ity after  successful  vaccination  [24].  Based  on  the
bove mentioned  facts,  the  WHO  recommends  that
t least  95%  of  children  should  receive  two  doses
f measles  virus  containing  vaccine  (MVCV),  and
he ﬁrst  dose  should  be  within  the  ﬁrst  year  of  life
25].  It  has  been  shown  that  when  the  vaccine  efﬁ-
acy is  as  low  as  76%,  high  vaccination  coverage
ith a  single  dose  of  vaccine  may  not  be  effec-
ive. With  higher  vaccine  efﬁcacy  of  98.5%  measles
irus transmission  could  be  stopped  by  increasing
he proportion  of  vaccinated  children  to  96%  [23].
stimates of  VE  have  shown  that  the  vaccine  is
s effective  as  99.7%.  The  VE  in  the  same  region
aries between  outbreaks  [22].  A  review  of  sev-
nty papers  from  1960  to  2010  with  135  VE  point
stimates has  been  performed.  For  a  single  dose
f vaccine  administered  at  either  9—11  months  of
ge or  ≥12  months,  the  median  VE  was  77.0%  or
2.0%,  respectively.  When  analysis  was  restricted  to
nclude only  point  estimates  for  which  vaccination
istory was  veriﬁed  and  cases  were  laboratory  con-
rmed, the  same  median  VE  estimates  increased  to
4.0% and  92.5%  for  vaccine  administration  at 9—11
nd ≥12  months,  respectively.  Published  VE  esti-
ates vary  by  World  Health  Organization  region,
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ith  generally  lower  estimates  in  countries  belong-
ng to  the  African  and  South  East  Asian  Regions
26]. Age  of  administration  is  an  important  determi-
ant of  vaccine  efﬁcacy.  Thirty  percent  of  children
ho were  affected  by  measles  in  this  study  were
elow  the  age  of  immunization.  In  an  African  study,
aternally  derived  IgG  antibodies  for  measles  were
resent in  only  14.8%  of  infants  aged  0—3  months
nd were  absent  in  all  infants  aged  4—8  months.  The
urrent assumption  is  that  efﬁcacy  of  the  measles
accine and  its  beneﬁt  for  survival  increases  with
ge as  maternal  antibodies  wane.  However,  there
s evidence  for  an  effect  of  vaccination  in  the  pres-
nce of  maternal  antibodies.  Individuals  receiving
easles  vaccination  at  4.5  months  of  age  in  the
resence  of maternal  antibodies  had  an  all-cause
ortality which  was  reduced  4-fold  between  4.5
onths  and  5  years  of  age  when  compared  with
ontrols who  received  the  recommended  vaccine
t 9 months  of  age.  An  increasing  time  of  suscepti-
ility between  the  loss  of  maternal  antibodies  and
he administration  of  a  ﬁrst  vaccine  dose  has  also
een demonstrated  from  longitudinal  studies.  This
vidence points  toward  the  need  for  considering
dministration  of  the  vaccine  at younger  ages.
Maternal education,  exposure  to  media,  occu-
ation [27,28], knowledge  factors,  unawareness  of
 need  for  immunization  [28,29],  misunderstand-
ng of  vaccine  side-effects,  and  child  illness  during
he recommended  vaccination  period  were  signif-
cant reasons  for  children  remaining  unvaccinated
gainst measles.  Families  having  multiple  children,
ower household  income  and  children  with  working
others  were  signiﬁcantly  associated  with  delayed
r missing  measles  immunizations  [28]. Income
nequalities  need  to  be  addressed  and  social  capital
as to  be  boosted  to  achieve  higher  vaccination  cov-
rage [30].  It  has  been  demonstrated  in  the  same
tate that  measles  vaccination  coverage  can  be
emarkably  increased  by  intensive  education  cam-
aigns [31].
The  15.8%  prevalence  of  missed  vaccination
pportunities  is  less  than  the  ﬁgure  reported  in
ne study  [19]  but  is  comparable  to  other  stud-
es [32,33].  If  the  attitude  of  the  health  workers
oward screening  every  child  brought  to  the  health
acility  had  been  positive,  measles  immunization
overage could  have  increased  to  96.2%.  If  the
vailable  missed  opportunities  had  been  success-
ully  taken,  the  immunization  coverage  would  have
een increased  to  99.5%.  In  a  state  like  Kerala
here health  seeking  behavior  is  relatively  high,
he use  of  these  missed  opportunities  will  improve
overage and  reduce  the  incidence  of  measles.  In
his outbreak,  assuming  the  VE  to  be  76%,  the  num-
er of  measles  cases  could  have  been  reduced  to  2.
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A  minimum  attack  rate  of  5%  is  required  for
evaluating vaccine  efﬁcacy  in  the  ﬁeld  [34].  In
this study,  the  overall  attack  rate  was  10.2%.  Even
among  vaccinated  children,  the  attack  rate  was  6%.
The diagnosis  of  measles  was  not  conﬁrmed  sero-
logically, so  there  could  be  a  potential  bias  in  the
estimation  of  vaccine  effectiveness.  However,  since
the diagnoses  were  in  the  context  of  a conﬁrmed
outbreak this  bias  is  expected  to  be  minimal.
Conclusions
A  vaccination  coverage  of  more  than  80%  with
the ﬁrst  dose  of  measles  vaccine  may  not  be  suf-
ﬁcient to  prevent  outbreaks  of  measles,  as  the
effectiveness of  the  vaccine  in  the  ﬁeld  may  be
lower  than  the  desired  levels.  Vaccination  cover-
age and  vaccine  effectiveness  are  complementary
to each  other  in  preventing  outbreaks.  Even  with
low vaccine  effectiveness,  this  outbreak  could
have been  prevented  if the  vaccination  coverage
was higher.  Effective  utilization  of  the  opportu-
nities for  vaccination  during  visits  of  children  to
health facilities  could  enhance  coverage.  Lower-
ing the  age  at  administration  of  the  ﬁrst  dose  of
vaccine  also  needs  to  be  considered.  The  preva-
lence of  high-risk  pockets  of  low  immunization  and
increased  measles  susceptibility  needs  to  be  iden-
tiﬁed through  surveillance.  This  is  especially  true
in states  and  districts  with  high  overall  coverage.
Health promotion  for  actions  other  than  vaccina-
tion need  to  be  focused  in  these  areas  to  prevent
further outbreaks.
Funding
No  funding  sources.
Competing interests
None  declared.
Ethical approval
Not  required.Acknowledgements
We  wish  to  place  on  record  our  gratitude  to  Dr.
Jeesha C.  Haran,  Dr.  Remadevi  S.  and  Dr.  Kumari
[Z.T.  Nujum,  S.  Varghese
ayageetha  P.B.,  for  their  valuable  suggestions  dur-
ng the  course  of the  study.  We  are  also  thankful
o the  District  Medical  Ofﬁcer,  Medical  Ofﬁcer  and
he staff  of  Mukkola  PHC  for  their  support.  We  are
rateful  to  the  participants  and  their  families  who
pent their  valuable  time  for  us.
ppendix A. Supplementary data
upplementary  data  associated  with  this  arti-
le can  be  found,  in  the  online  version,  at
ttp://dx.doi.org/10.1016/j.jiph.2014.07.013.
eferences
[1] WHO. Measles deaths decline, but elimination progress
stalls in some regions. Available at http://www.who.int/
mediacentre/news/notes/2013/measles 20130117/en/
[accessed 18.09.13].
[2] Measles. Measles vaccine introduced in 1985/MMR
introduced in 1988; 2013. Available at http://www.
immunisation.ie/en/Downloads/NIACGuidelines/PDFFile
17362 en.pdf [accessed 02.11.13].
[3] Towards a world without measles and rubella. Available at
http://www.unicef.org/immunization/index measles.html
[accessed 18.09.13].
[4] CDC. Measles—–horn of Africa, 2010—2011. MMWR
2012;61:678—84.
[5] CDC. Measles outbreaks and progress toward
preelimination—–African region, 2009—2010. MMWR
2011;60:374—8.
[6] Duke T, Mgone CS. Measles: not just another viral exanthem.
Lancet 2003;361(March (9359)):763—73.
[7] Cutts FT, Grabowsky M, Markowitz LE. The effect of dose
and strain of live attenuated measles vaccines on serologi-
cal responses in young infants. Biologicals 1995;23:95—106.
[8] Burstrom B, Aaby P, Mutie DM, Kimani G, Bjerregaard P.
Severe measles outbreak in western Kenya. East Afr Med
J 1992;69:419—23.
[9] Chen RT, Weierbach R, Bisofﬁ Z, Cutts F, Rhodes P, Ramaro-
son S, et al. A ‘‘posthoneymoon period’’ measles outbreak
in Muyinga sector, Burundi. Int J Epidemiol 1994;23:185—93.
10] Cutts FT, Smith PG, Colombo S, Mann G, Ascherio A, Soares
AC. Field evaluation of measles vaccine efﬁcacy in Mozam-
bique. Am J Epidemiol 1990;131:349—55.
11] Aaby P, Knudsen K, Jensen TG, Tharup J, Poulsen A, Sode-
mann M, et al. Measles incidence, vaccine efﬁcacy, and
mortality in two urban African areas with high vaccination
coverage. J Infect Dis 1990;162:1043—8.
12] EPI coverage evaluation. WHO/EPI/MLM/91.10. Available at
http://www.who.int/immunization monitoring/routine/
EPI coverage survey.pdf
13] WHO — recommended standards for surveillance of
selected vaccine-preventable diseases. The Department of
Immunization, Vaccines and Biologicals, World Health Orga-
nization, Geneva. WHO/V&B/03.01. Revised: July 2008.
14] Orenstein W, Bernier R, Hinman A. Assessing vaccine efﬁ-
cacy in the ﬁeld. Epidemiol Rev 1988;10:212—41.
15] Global Health Observatory data. Immunization: measles
(MCV) by country. Available at http://apps.who.
int/gho/data/node.main.A826 [accessed 18.09.13].
I nity
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[nvestigation  of  an  outbreak  of  measles  in  a  commu
16] International Institute for Population Sciences (IIPS).
District Level Household and Facility Survey (DLHS-3),
2007—08: India. Mumbai; 2010.
17] National Family Health Survey-3 (MCH and Family Planning),
India, 2005—2006. Bombay, India: International Institute for
Population Sciences.
18] Pomerai KW, Mudyiradima RF, Gombe NT. Measles
outbreak investigation in Zaka, Masvingo Province,
Zimbabwe, 2010. BMC Res Notes 2012;5(December
(1)):687, http://dx.doi.org/10.1186/1756-0500-5-687.
19] Akramuzzaman SM, Cutts FT, Hossain MJ, Wahedi OK, Nahar
N, Islam D, et al. Measles vaccine effectiveness and risk
factors for measles in Dhaka, Bangladesh. Bull World Health
Org 2002;80(10):776—82.
20] Perry RT, Halsey NA. The clinical signiﬁcance of measles: a
review. J Infect Dis 2004;189(Suppl. 1):S4—16.
21] Lisa Hack. Vaccine coverage good, but measles far
from gone. September 17, 2013. Available at http://
contemporarypediatrics.modernmedicine.com/node/
373696 [accessed 18.09.13].
22] Van Boven M, Kretzschmar M, Wallinga J, O’Neill PD,
Wichmann O, Hahné S. Estimation of measles vaccine
efﬁcacy and critical vaccination coverage in a highly vac-
cinated population. J R Soc Interface 2010;7(November
(52)):1537—44, http://dx.doi.org/10.1098/rsif.2010.0086
[Epub 2010 April 14].
23] Mori N, Ohkusa Y, Ohyama T, Tanaka-Taya K,
Taniguchi K, Kobayashi JM, et al. Estimation of
measles vaccine coverage needed to prevent trans-
mission in schools. Pediatr Int 2008;50(4):464—8,
http://dx.doi.org/10.1111/j.1442-200X.2008.02592.x.24] Paunio M, Peltola H, Valle M, Davidkin I, Virtanen M,
Heinonen OP. Explosive school-based measles outbreak
intense exposure may have resulted in high risk, even
among revaccinees. Am J Epidemiol 1998;148(11):1103—10.
[
Available  online  at  www
ScienceD of  predominantly  ﬁshermen  in  Kerala  19
25] WHO. Strategic plan for measles and congenital rubella
infection in the European Region of WHO; 2003.
www.euro.who.int/document/e81567.pdf
26] Uzicanin A, Zimmerman L. Field effectiveness of live
attenuated measles-containing vaccines: a review of pub-
lished literature. J Infect Dis 2011;204(Suppl. 1):S133—48,
http://dx.doi.org/10.1093/infdis/jir102.
27] Bbaale E. Factors inﬂuencing childhood immunization in
Uganda. J Health Popul Nutr 2013;31(1):118—29.
28] Hu Y, Li Q, Luo S, Lou L, Qi X, Xie S. Timeli-
ness vaccination of measles containing vaccine
and barriers to vaccination among migrant chil-
dren in East China. PLOS ONE 2013;8(8):e73264,
http://dx.doi.org/10.1371/journal.pone.0073264.
29] Ray SK, Dasgupta S, Dobe M, Biswas R, Mehta P, Baishya AC.
IPHA. An evaluation of routine immunization coverage in
some districts of West Bengal and Assam. Indian J Public
Health 2004;48(2):82—7.
30] Nagaoka K, Fujiwara T, Ito J. Do income inequality
and social capital associate with measles-containing
vaccine coverage rate? Vaccine 2012;30(52):7481—8,
http://dx.doi.org/10.1016/j.vaccine.2012.10.055 [Epub
2012 October 27].
31] Prabhakaran Nair TN, Varughese E. Immunization coverage
of infants—–rural—urban difference in Kerala. Indian Pediatr
1994;31:139—43.
32] Deshpande R, Nimbalkar S, Banker N, Kapoor A. Prevalence
of missed opportunities for measles immunization in rural
areas of Gujarat. Indian J Pediatr 2001;68(7):609—12.
33] Money MK, Mohan P. Measles immunisation coverage in
urban slums. Indian J Pediatr 1999;66(4):505—9.34] Nourjah P, Frerichs RR. Minimum attack rate for
measuring measles vaccine efﬁcacy. Int J Epidemiol
1995;24(4):834—41.
.sciencedirect.com
irect
